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ABSTRACT

This project investigstes the adaptability of an analytical
evaluation method developed by J. S. Armold of Stenford Research
Institute 1., 2. to automatic data processing systsms techniques
for prediction of combined environments interaction effects.

Laboratory tests were performed on sows typical environmental
combinations and results were compared with the ADPS predictions for
the same environmental combinations.

For the test items selected, the experimental results showed
subgtantial agreexent with the analysis and predictions from the
computer,

1, SYNERGISTIC EFFECTS IN COMBINED ENVIRONMENTS TESTING, by
Mr. J. S, Arnold, Stenford Research Institute )

2, EPFFECTS OF COMBINED ENVIRONMENTS, by Mr. J. £. Arnold,
Stanford Research Institute )

iv




GLOSSARY OF TERMS AND DEFINITIONS

Test Unit (TU)

The smallest part of a complex mechanism upon which any of the
environmental factors have & significant sffect.

Simple Environmental Factors (SEF)

The physical attributes of the real environment that directly act
upon the stats of & test unit.

Simple Unit Parsmeters (SUP)

Those states of the test unit in which variations can be expected
as the result of the forcing influences of the enviroument factor.

Electro-Magnetic State (EM)

The elactric and magnetic conditions that exist in the TU, which
may be either steady or fluctuating. Varisbles: voltage, current,
magnetic flux, inductance, resistance, capacitance, field strength,
hysteresis.

Strain State (STN)

The derformation produced by the stresses to which the TU is
gubjected, including the effects of internal stresses. Variables:
deformation, shspe, dimensions, compression, extensiom, distortiom,
expansion,.

Elastic State (ELAS)

Includes the beshavior properties of the TU with respect to deformation
under steady or cyclic forces., Variables: Young's modulus, bulk modulus,
lose, cowplex elastic modulus, spring constant, dempimng, shear modulus.

Chemical State (CHEM)

The reactions imclude the slow ones of normsl aging as well &8 the
fast ones that describe the operation of chemically active devices,
Varisbles: composition, reaction rate, contsminstion, ph, energy releasze
(or absorption), reaction products.




High Temperature (Th)

Any environment condition that causes sensible heat input to
the TU, so that its temperature approaches the design range maximum.
Includes heat input by conduction, convection, radiation, condensa-~
tion of hot vapor, etc.

Low Temperature (Tj)

Any environment condition that causes sensible heat outflow from
the TU, so that its temperature approaches the design range minimum,.
It includes heat outflows by conduction,; éonvection, radiation,
evaporation, etc.

Changing Temperature (Tc)

Any snvironment condition that causes sensible heat in- or
outflow at a rate that approaches the design meximum, It includes
;awéhithermal situations as quenching, blast heat input, electrical
discharge, violent chemical reaction, all forms of thermal shock.

Bigh Pressure (Ph)

Any environment condition in which pressure that approaches the
design range maximum is exerted on the TU. It includes air pressure,
. gas pressure, hydrostatic pressure, spring pressure.

Low Pressure (Pl)

Any environment condition in which low pressure, ap;}oachihg the
design minimum, is sxerted on the TU. It includes low atmospheric
pressure, relief of mormal pressurization, high altitude effects.

Changing Pressure (Pc)

Any environment condition that causes pressure change at a rate
near the design maximum for the TU. Includes blast effects, shock
phenomena, explosive decompression, cavitatiom, .
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Ionizing Rediation (Ri)

Any environment situstiom im which ionizimg radiation is an
input to the TU, Includss bombardment by X-rays, gamms rays, cosmic
rays, ultra-vioiet-radiation and the various charged and uncharged
particles that can produce ionization,

Mechanical Interference (Im)

Any environment situstion in which compoments that gre not
properly s psrt of the TU can interfere mechamically with its
operation. Includes dirt and dust accumulstion, molsture condensa-
tion, biological material, mud, ice, snow, frost,

Relative Acceleration (Ar)

Any environment situation im which the TU {s saccelersted with
respect to its surroundings, to produce forces that are near the desigm
range maximum. Includes effescts due to steady or varying acceleration,
solid sand airborne sound and vibratiom, wind &nd slipstream, propulsive
thrust, drag, particle impingement,

Electric-Magnetic Fields (¥d)

Any environment situstion im which the TU is subjected to steady or
alternating electric or magunetic fields or electromsgnetic radiation, the
electric or magnetic effects of which approach the TU design range maximum,
Includes fields from electric machines, electrostatic charge, magnets,
coils, radiation from radar and communication apparsatus.

Surrounding Chemical Compositiom (Cs)

Any envirommental situstion im which the chemical reaction potemtial
of the surroundings (stmosphere, ligquids and solids im comtact with TU)
epprosches the TU design range maximum. Includes contaminated atmospheres,
effects of chemical pollutants,

Time (Zt
An environmental situation in which there exists a time-dependent

component in the definitiom of the design ranges of the paramstars
describing a test unit.
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COMPUTER ANALYSIS AND LABORATORY EVALUATION OF INTERACTION EFFECIS
OF COMBINED ENVIRONMENTS ON SYNCHROS, TYPE 23TX6

INTRODUCTION

This report covers work done at Frankford Arsemal in the
continuation of research efforts previously performed by Stanford
Research Institute under Contract DA-04-200-0ORD-~1032 and DA-04-200-ORD~
1141, Department of Army Project No. 5B98-09-004, under the sponsorship
of Mr, P, W, Espenschade, Chief, Environmental Research Office, Army
Ordnsnce Corps (now Army Materiel Command).

Two previous reports have been published on this subject:
"SYNERGISTIC EFFECTS IN COMBINED ENVIRONMENTS TESTING" and "EFFECTS OF
COMBINED ENVIRONMENTS'", both prepared by Mr, J. S. Arnold, Stanford
Research Institute, Menlo Park, California. The reports describe a
method of analysis utilizing autcwatic data processing machines to
permit better prediction of the effects of interaction of two or more
enviroonmental factors on the functioning of Army materiel. The work was
analytical rather than experimental and had as its objective the treat-
ment and analysis of the interactions of two or more emvironmental
factors and their effects.

The analysis involves the states that describe 2 test unit, the
measurable physical parameters necessary to describe each of the
states, the environmental factors that cam be used to describe the
environments, and the measurable physical parameters affected by each
of the environmentsl factors. The proposed computer application of
the analysis was developed in detail to a stage whereby a step-by-step
procedure from input data (real eavironment and test unit descriptions)
to output data (the environment action possibilities) can be traced.

The continuation of the research, herein reported, was performed
jointly, by Mr. J. Arnold of Stanford Reseaxrch Institute and Mr. M, H,
Simpson of Frankford Arseral under Department of Army Project No. 5B98-
09-004. Machine analysis methods were set up for environmental
interaction problems and solved with the use of a computer. Experimenta-
tion was performed to compare test results with the computer solutions.




OBJECT

To determine the interaction effects of vibration and low
temperature,.altitude and low temperature, and temperature and
humidity on Jransmitter, $orque, .fynchros "-"g.ype #23TX6 as a Test
Unit (TU),and compare the test results obtained in the environ-
mental laboratory with computer predictions programmed on a
Remington Rand Solid State 90 Computer, in accordance with the
analysis method developed by the Stanford Research Institute.




PROCEDURE

The selected test unit (TU) was a Tramsmitter, Torque, Synchro,
Type #23TX6 shown in Figures 1 and 2, There were three phases of
effort in the study. The first phase comsisted of a Parts Analysis
such as shown in Appendix 1, Sheets No. 1 thru 5. The second phase
consisted of a computer program set up in accordance with the
procedure outlined im Appendix 2, REQUIREMENTS FOR DATA ANALYSIS,
SYNERGISTICS STUDY OF ENVIRONMENTAL INTERACTIONS, and Appendix 3,
CATALOG A input and Appendix 4, CATALOG B input. The third phase was
environmental laboratory testing for comparison of test results with
qualitetive computer sgolutions,

Phase 1. The parts anslyses sheets were prepared as illustrated
in the Appendix, to predict what Simple Unit Paramaters (SUP's) might
be affected by envircomental action on that part.

Phase 2. For the computer phase, punched cards were used to set
up the memory in a Remington Rand Solid State 90 Computer.

The following problems were given to the computer to predict:
8, low temperature and altituda combined effects

b. high temperature and high humidity combined effects

c. vibration and low temperature combined effects .

The data was submitted to the computer in accordamnce with the
method doveloped by Stanford Resezrch Institute; i.e,:

Given the TU (Test Unit = Synchro Type 23TX6},

ard the following SUP's (Simple Unit Paraweters) important to it
in the envirenmente concerned (See Glossary of Terms and Definitions):

EM ® Electric-Magnetic State
STN = Strain State

ELAS = Elastic State

CHEM = Chemical State




&nd the effects:

I - Indirect effect of one environment,

1D - Indirect effect of one eavironmment and
direct effect of the second environment.

Dz - Direct effect of two environments.

12 - Indirect effect of two environments,

0 - No effect,

What effects can be expected from the combined SEF (Simple
Environmental Factors) indicated below?

a. Vibration and Low Temperature - ArTl
b, Altitude and Low Temperature - PIT1 T
c¢. Humidity and High Temperature - CsTh

Phase 3 ~ The test phase consisted of subjecting the synchros
to combined environment s testing to the same combinations presented
to the computer; i.e., Vibration and Low Temperature, Altitude and
Lov Temperature, and Humidity and High Temperature. '

The environmental laboratory tests and the computer operations
wers performed at Frankford Arsenal,

DESCRIPTION OF COMBINED ENVIRONMENTS TESTING

Testing was performed during ths period from August 1962 to
October 1962, The Transmitter Torque Synchros, Type 23TX6, were
electrically energized while being submitted to the following
environmental conditions: Vibration snd Low Temperature, Altitude
and Low Temperature and High Temperature 2nd Humidity. The test
items were monitored for temperature changes, electrical continuity
and for indications of arcing and/or short circuiting before, during,
and after each test.




Vibration and Low Temperature Test #1
(Not Rotating)

The test set-up for the Vibration and Low Temperature Test
(Figure 3) included the following pieces of equipment: LAB Type 24-200
Vibration Machine; Leeds & Northrup Speedomax multi-point temperature
recorder, with copper-constantan thermocouples; Minneapolis-Honeywell
Visicorder, Model 1108, Serial No. 11-164 an Endevco Model 2213
Accelerometer, 1% Volt DC batteries, 45° synchro test fixture, and a
liquid COz portable cold chamber over the vibration machine. (See Figure 3).

Each of the three synchros was fastened to a 45° inclined fixture
and the fixture was bolted to the vibration table. Thermocouples were
placed on each synchro and in the air stream adjacent to the synchros.
A continuous record of the temperatures was obtained by the Speedomax
recorder, An accelerometer was fixed to the test fixture and the synchros’
rotors were energized with 1% Volts D. C. without rotation., Records of
acceleration and electrical continuity were obtained by the M-H Visicorder,

The liquid CO, refrigersted cold chamber was then placed over the
set-up. The synchros were then subjected to -40°F and vibration
characteristics of; (&) double amplitude - 0,141 inches vertical vibra-
tion, (b) variable frequency - 5 cps to 60 cps to 5 cps (c) a total
scanning time of one minute for (d) a time duration of eight hours. The
synchros were energized with 1% Volts D. C. before, during, and after the
«40°F test. (See Figures 5 and 6), The test items were monitored for
temperature change, vibration and electrical continuity, continuously.
Figure 4 shows the electrical schematic of the test set-up,

Vibration and Low Temperature Test #2
(Rotating
The environmental test characteristics were the same =3 for Test #1;
i.e, synchros were subjected to -40°F amd vibration characteristics of
0.141 inches double amplitude vertically, with a sweep of frequency from
5 cps to 60 cps to 5 cps in a scanning time of one minute, for a total
period of 6 hours.




The vibration machine and temperature test chamber were identical
to those used for Vibration and Low Temperature Test #1, In thin test,
however, the investigation of electrical characteristics was different.
Four Synchros, Type 23TX6 were used for the test. Two synchros were used
as driving units, mounted outside the cold box vibrator system and were
. electrically inter-connected with two additional Type 23TX6 Synchros
mounted on the vibration machine and subjected to the vibration and low "
temperature environments, The driving synchros were, in turn, revolved
by small motors thru flexible shaft combinations at 57 rpm and 60 rpm
respectively. The follower, or drivem synchros were positioned by the >
driving synchros. Electrical output of the driving synchros was 115
volts; resulting amperage was in accordance with data in Figure 8 and
Appendix 7, Figure 7 shows the electric schematic.of driver-driven synchro
system,

Altitude and Low Temperature Test

The electrical mezsurements and test set-up for the Altitude - Low
Temperature Test and the High Temperature - Humidity Test #1 were idemtical,
{8ee Figures 4 and 9), Equipment used in thess tests included: an
altitude~temperature-humidity chamber, 45%« synchro test fixture, copper .
constantan thermocouples, Esterline Angus Recording Ammeters, Model 4W,
Serial Nos, 45846, 124180, 104091 (for electrical continuity), Foxboro
Stabilog Pressure OWmtixoller (altitude test only), L&N Speedomax Multipoint
Temperature Recorder, Minneapolis-Honeywell Wet Bulb Temperature Recorder
(humidity test only),xxMa 6 volt All-State 48 battery,

s

The synchros were mounted on the 45°: test fixture and placed in the
chamber., Thermocouples were placed on each synchro and in the air stream,
Temperature records were obtained by the Speedomax Recorder, The items
were energized by 6 volt D, C, and monitored by the Esterline Angus
Recording Ammeters,

For the Altitude and lLow Temperature Test, the altitude im the chamber
was maintained at 10,000 feet (20,58 inches Hg absolute) by a pressure ’ .
controller, while the temperature was held at -65°F, The synchros were
energized with 6 volts D.C. before, during, and after the test, The test
items were monitored continuously for both temperature and electrical
continuity., This test had an 8 hour time duration,




Temperature and Humidity Test #1

The Temperature and Humidity Test #1 was performed with a
‘temperature of 125°F and a relative humidity of 95% for a period of
eleven days. During this time, records of temperature and humidity
were taken continuously. The Synchros, Type #23TX6, were energized
without rotation by 6 volts D, C. before, during and after the entire
test and they were monitored for electrical continuity a minimum of
one hour each morning and ome hour each aftermoon, taken at ramdom
times,

Temperature and Humidity Test #2

The Tempersture and Humidity Test #2 differed from the Temperature
and Humidity Test #1 by the method of electrical testing and length of
test, The second test had the driver-drivem combination of Type 23TX6
Synchros set up for Vibration and Low Temperature Test #2, All other
requirements were the same as Temperature and Humidity Test #1; {.e.,
125°F and 95% relative humidity, but for 5 days duration. Chamber
temperature and humidity data were taken continuously during the test
and the TU temperature and current drain weremonitored for a period of
15 minutes each hour of the normal working day for the duration of the
test,

i




RESULTIS

Automstic Data Processing

The computer program was set up and the memory was stored in
punched cards from Catalog A, Resl Envirommentzl Classifications, and
Catalog B, Macro, Micro, Status Locatiomns. (See Appendices 3 and 4).
At no time did the operator time lepse amount to more tham two minutes.
Initial programming time amounted to four man days, (See Appendix 2
for programming requirements).

The computer solutions and predictions of combined effects on the
Synchros, Type 23TX6 were a8 follows:

1. Combined Effects of Vibration and Low Temperature: - that
there would be an effect in strain and electrical properties of the
test unit; i.e., ID effact,

2, Combined Effects of Low Temperaturs amd Altitude: - that
thers would be an effect in electrical amd straim properties of the
test unit, i.e., p? effect.

3. Combined Effects of High Tempersature and High Humidity: -
that there would be an effect im chemical and electrical properties
of the test unit; i.e., ID effect,

Environmental Teses

Vibration and Low Tempersture Test #1

There was considerable arcing at normel roowm temperature with
vibration in the frequemcy ramge of 35-60-35 cps, which was observed
both visually and om the electrical momitorimg Yecords, With the
addition of low temperature (-40°F) a noticesble reduction in arcing
occurs, as seen in Figure 6. The remaining arcing appesrs im the
frequency range of 45-60-45 cps, PFiligures 5 and 6 show the results of
vibration at room tempersture snd vihration with low temperature.




Vibration and Low Temperaturs Test #2

Thers was mo chamge of amperage imdicsted im rummimg curremt for
both test units when exposed to -40°F air temperature £s compsred with
opsrating smperage at mormal ambient temperstures. Appendix 5 is the
tabulated dats end Figure 8 ths plotted data of vibration at ambisnt
and vibration at low temperature.

Altitude and Low Temperature

There is & definite increase in current drawn as the temperature
decreases., It took the synchros 2 hours to stabilize at =65°F. Durinmg
this time, the values of curremt drawn incresased from 48 ms, 65 ms, and
63 ma (2t ambient) to 87 me, 106 ma, snd 102 me for synchros 1, 2, and
3 respectively. The changss in curremt drawn were 39, 41, and 39 wma.
Since the volt#ge was held constant, sm imcrease in current drawn
indicates a decrease in electrical resistance. Figures 10 and 11 and
Appendix 6 show the effects on electrical continuity of the synchros
during the altitude - low temperature test.

High Temperature spd High Humidity Test #1

With the test chsmber temperature and humidity at 125°F and 95%
relative humidity there was an immediste increszee in curremt drawn by
synchro #1 (from 50 to 58 ma) while symchros #2 snd #3 decrease im
current draw (from 65 to 59 ma for #2 and 63 to 57 for #3)., After 1k
days of the test the current draw of #l1l three syanchros stabilized and
showed a defimite incresse im millismperes., The fimsl veluss of curremt
vere 62, 69, and 68 ma for synchros #1, #2 and #3. At ome period durimg
the test the chamber door was opemed to see if any visual corrosionm had
taken place, While the door was open it was noticed that moisture had
formed on the inside of the clear plastic top of synchros #1 and #3,

When these tesdt items were removed from the test fixture, it was mnoted
thet the rotors were locked tight., This was probably caused by corrosiom
due to humidity., This was later verified by dissssembly of the synchros.
There was corrosion of the ball bearinge and raceway, and some corrosiom
on the brush comtact points noted, Figure 12 and Appendix 7 exhibit the
experimental date for this test,




High Temperaturs and Humidity Test #2

Results of this test show that running current increased by
2 amperes for 1 test unit, and 4 amperes for the sscemd test unit,
at 125°F and 95% relative humidity, There was goms erratic
functioning of cone test unit (Synchro #4) noted at 4 different
times. Corrosion was noted zimilar to High Temperature and Humidity
Test #1, including locked rotors, corrosion of the ball bearings and
raceway, and some corrosion of the brush comtact pointe, Figure 13
and Appendix 8 exhibit the exparimental data for this test,
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ANALYSIS OF RESULTS

The following tsbulated comparison of the results of the ADPS
and experimental findings should be analyzed in terms cf effects:

Teble #1
Automatic Data Processing
2 m 12
Vibration and Low Temperature X
Low Temperature and Altitude X
High Temperature snd Humidity X

In order to check test results Table #2 is necessary:

Table #2

Experimental Effects

Electrical Strain Corrosion
Effect Effect _Effect

Vibrstion and Low Temperature X X
Low Temperature and Altitude X X
High Temperature and Humidity X X X

In oxder to compare experimentazl results with ADP results, it is
necessary to transpose Table #2 imto ADP factoxsa:

Experimental im ADP Buctors

L Ip I°
Vibrstion and Low Temperature X X
Lovw Temperature amd Altitude X
High Temperature amd Humidity X X

Note: X signifies occurrence,




From the foregoing data there is spparently some lack of
agreement in the results of the automatic data processing prediction
and experimental results, Comparing results in Table 3 -
(Experimental in ADP Factors) with results in Table 1 (Automatic
Data Processing) D2 effects were not predicted by the computer for
two of the three test cogditiona but did occur for all three during
the experiment. These D* effects occurred in the Vibration and Low
Temperature Tests and the High Temperature and Humidity Tests, There
was agreement in all other occurrences.

It should also be noted that the experimental results indicated
8 direct effect of temperature on current flow (due tc resistance
changes in the windings) as well as an indirect effect of temperature
causing current chenges {due to mechanical strain producing a relative
change in spring contact resistance).

Comparison of experimemtsl results with computer predictions
revesled that:

1. Most of the effacts observed after the combined
environments tests were predicted by the computer amalysis.

2. No combimed environmentzl effects were found which .
the anslysis indiceted to be impossible.

3. The computer did not distinguish between the direct .
effect (D) and the indirsct effact (ID) of 2 zingle environment on
different psrameters,

4. The computer did not evolve & double effect (Dz and ID) as
beinmg inheremt in the Vibration amd Low Temperature, amd High Temperature
snd Humidity Tests, but predicted omly that there would be an iadirect
sffect,

Note: The incomsistencies of peragreph 3 and 4 &re probably due

to incomplete parts anslyses msds by the sanlyzer im preparation of
Catalogs A sand B, snd not necsssarily s fault of the method.

12




CONCLUSIONS

The genersl conclusion of the investigstion, based om the
experimentsl findings, is that the proposed method of amalysis and use
of computers has merit for environmental evalustion of military
materiel. The objective was to test the method. The effects obscrved
could be beneficial or deleteriocus. The purpose was not to evaluste
"good-or~bad", but to predict an effect; amd this was demomstrated.

It may be possible that quantifying values could be applied to
measure effects on parameters. However, further refinements om the
qualified effects, especially relsative to the prediction of dirsct
and indirect effects of single and combined envirommemts, should be made
first before quantifying effects should be attempted., It is further
concluded that additional imvestigation is warranted in pursuing this
environmentel avaluation and analysis mzthod in order to determine
whether & quantifying system could be attsimable,

13
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RECOMMENDATIONS

Since there is indication that bensfits cen be attained in the
form of incressed materiel relisbility and reduced material cost by
supplementing and/or replacing portions of envirommental testing by
analytical procedures, the use of anslytical techniques with computer .
storage and manipulation of data will have great utility, especially
in the prediction of combined environments effects., Analysis of data
relating environments to test unit effects would be of considerable
value in the determination of which environmentsl factors are impor-
tant for the evaluation of a test unit and the reduction of require-
ments for testing.

The information raquired im environmentsl effects analysis is
generally available, at present, in the form of texts, tables, books,
reports, the experience of imdividuals, etc., but it is so scattered
that all pertinent data are not usually brought to bear on 8 specific
problem because of the magnitude of the task of assembling and using
it. The machine analysis spproiach to the envirommentsl problem is that
of acquiring ail the data in general form &nd storing it in the machine
memory. An incoming problem can then be placed inm such & format that
sll pertinent data in the machine’s memory will be searched out and .
qualitative and quantitative aspects of the actions of environmental
forces upon the materials and mechanisme will be determined more rapidly.

- It is recommended that consideration be given to amplifying the
investigation into a wider scope of effort. The suggested effort
would include the following activities:

1. Automatic Data Processimg Systems should be further studied
for application to the eavironment-materiel imteractiom problem
primarily to determine their capability for msnipulating the data.

2. The present descriptions of climstic, geographic, and imduced
environments should be studied and methode for transforming these
descriptions into the terms mecessary for spplication to Automatic .
Data Processing should bs developed.

3. The physical characteristics of meteriel that sre affected .
by environmental phemomena should be studied im order to define
success and failure criteria for militsry operations.




4. Methods for the scquisition of dets describing field
materiel failures, and the cataloging and storage of these data

for application to future problems, should be studied and evaluated
for application for environmental factore.

5. The development of the analytical format in which the
information is to be used should be continued as the information
fund increases in size and scope.

15




APPENDIX 1
———
Part Analysis Shest ’

Sheet No, 1
P, No, 7645534 TU Now 1 SUP

P. Name Front End Bell

P, Function Support Bearing. Close Synchre

Induced Environment Factors Caused by P None

CHEM

CLN

ELAS

SIN

STR

THER

Note:

&

Yes

PO require chemical resction?

External surface reactions (corrosion, rust) &ffect PO?
Volume reaction (displacement,solution) sffect PO?
Slow (2ging) reaction affect PO?

Contaminants affect cuoperation with other P?

Necessary thermal behsvior impaired by contaminants?
Necessary surface characteristics (opticel, electrical)
impaired?

P has vibration isolation fumction?

P has strein relief function?

P hgs function of protectimg other P?
PO require specific spring constant?

PO require EMF or MMF from P?

Can external E or M fields affect PO?

PO require specific electrical properties?
PO require spscific mignetic propsrties?

PO require specific viscosity of P?
PO depend on circulation of P?
Cold or slow flow of P affect PO?
Viscous damping by P affect PO?

Steady or cyclic externsl strain on P affect PO?
Body force (steady or cyclic) on P affect PO?
Direction of gravity affect PO?

Strainesensitive aligoment of P affect PO?

Can state change occur in P to affect PO?’
PO devendent on microstructure of P?
Allotropic changes in P &affect PO?
Polymerization changes im P affect PO?
Surface structure chsnges in P affect .PO?

Temperature of P affect PO?
Heat generationm im P affect PO?
Heat conversiom in P affect PO?2
Heat transfsr in P affect PO?

P = Part, PO = Pert Operation §.
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Part Anslysiz Sheet

Sheet No. 2

P, No,

583474 TU No. ___ ¥l o

P, Name Retaining Ring

P, Function Hold Closure in Place

Induced Environment Factors Caused by P None

CHEM

CLN

ELAS

EM

RHEQ

STN

THER

STN

ELAS

Yes

PO require chemical reaction?

External surface reactions (corrosion, rust) affect PO?

Volume reaction (displacement, solution) affect PO?

Slow (aging) reaction affect PO?

Contaminants affect cooperstion with other P?

Necessary thermel behavior impaired by contaminants?

Necessary surface characteristics (optical, electrical)

impaired?

P has vibration isolation function?
P has strain relief function? .
P has function of protecting other P?
PO require specific spring constant?.

PO require EMF or MMF from P?

Can externsl E or M fields affect PO?

PO require specific electrical properties?
PO require specific magnetic properitea?

PO require specific viscosity ef P?
PO depend on circulation of P?
Cold or slow flow of P affect .PO?
Viscous damping by P affect PO?

Steady or cyclic extermal straim on P affect PO?
Body force (steady or cyelic) on P saffect PO?
Direction of gravity saffecc PO? .
Strain-sensitive alignucuc of P affect PO?

{en state change occur in P to affect POT
%) dependent on microstructure of P?
Aljotropic changes in P affect PO?
Polymerization changes im P affect PO?
Surface structure changes in P affect PO?

Temperature of P affect PO?
Heat generation in P affect PO?
Heat conversion in P affect PO?
Heat transfer by P affect PO?
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Part Analysis Sheet

Sheet No. 3

P, No,

P, Name

8570216 TU No. L SuUP

Ball Bearing CHEM

P, Function Support Rotor

Induced Environment Factors Caused by P None

CHEM

CLN

EM

RHEQ

SIN

STR

THER

CLN

STNR

Yes

PO require chemical reaction?

External surface reactions (corrosion, rust) affect PO?
Volume reaction (displacement, sclution) affect PO?

Slow (aging) reaction affect PO?

Contaminants affect coopsration with other P?

Necessary thermal behavior impaired by contaminants?
Necesszry surface characteristics (optical, electrical)

impaired?

P has vibration isolation function?
P has strain relief function?

P has function of protecting other P?
PO require specific spring constant?

PO require EMF or MMF from P?

Can external E or M fields affect PO?

PO require specific electrical properties?
PO require specific magnetic properties?

PO require specific viscosity of P?
PO depend on circulation of P?

Cold or slow flow of P affect PO?
Viscous damping by P affect PO?

Steady or cyclic external atrain on P affect PO?
Body force (steady or cyclic) om P affect PO?
Direction of gravity affect PO? .
Strain=sensitive alignment of P affect PO?

Csn state change occur in P to affect PO?
PO dependsnt on microstructure of P?
Allotropic changes in P sffect PO?
Polymerization chenges.in P affect PO?
Surface structure cheanges in P affect PO?

Tempersture of P &ffect PO?
Heat genersation in P affsct PO?
Heat conversion in P affsct PO?
Heat transfer by P affsct PO?
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Part Aralysis Sheet

Sheet No. 4

P. Noo

8570257 TU No. 1 sup

P, Name _Rotor Assy CHEM

P, Function Rotate in Field

Induced Environment Factors Caused by P H Pield in Stator

CHEM

CLN

ELAS

RHEO

STN

STR

THER

CLN

STR THER

No Yes

PO require chemical reaction?

External surface reactioms (corrosion, rust) affect PO?
Volume reaction (displacement, solution) affect PO?
Slew (aging) reaction affect PO?

Contaminants affect cooperation with other P?
Necessary thermal behavior impaired by contaminants?
Necessary surface characteristics (optical, electrical)
impaired?

P has vibration isolation function?
P has strain relief function? .
P has function ef protecting .other P?
PO require specific spring constant? .

PO require EMF or MMF from P?

Can external E or M fields affect PO?

PO require specific electrical properties?
PO require specific magnetic properties?

PO require specific viscosity of P?
PO depend on circulation of P?

Cold or slow flow of P affect PO?
Viscous damping by P affect PO?

Steady or cyclic externsl strain oa P affect PO?
Body force (steady or cyclic) on P affect PO?
Direction of gravity affect PO? .
Strain=sensitive alignment of P affect PO?

Can state change occur im P to affect PO?
PO dependent on microstructure of P?
Allotropic changes in P affect PO?
Polymerization changes in P affect PO?
Surface structure changes im P affect PO?

Temperature of P affect PO?
Heat generation in P affect PO?
Heat conversion in P affect PO?
Heat transfer by P affect PO?
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Part: Analysis Sheet

Sheet No, 15 ‘ “Sobar

P. No,

7595533
7595541 TU No. 1

P. Name Brush Assy

P, Function Cogtlct Slip Rings

Induced Environment Factors Caused by P Nenie

CHEM

CLN

ELAS

RHEO

STN

STR

THER

Yes

PO require chemical reaction?

External surface reactisns (eorresion, rust) affect PO?

Velume reaction (displacement, selutien) sffect PO?

Slow (aging) reaction affect PO?

Contaminants affect cooperation with other P?

Necessary thermsl bahavior impaired by contaminants?

Necessary surface characteristics (eptical, electrical)

impaired?

P has vibration iselation function?

P has strain relief function?

P has function of protecting other P?
PO require specific spring constant? .

PO require EMF or MMF from P?

Can external E or M fields affect PO?

PO require specific electricsal properties?
PO require spacific magnetic preperties?

PO require specific viscosity of P?
PO depend on circulation of P?
Cold or slow flow of P affect PO?
Viscous damping by P affect PO?

Steady or cyclic external strain on P affect PO?
Body force (stsady or cyclic) on P effeet PO?
Direction of gravity affect PO?

Strainesensitive alignment of P affect PO?

Can state change sccur in P to sffsct PO?
PO dependent on micrestructure of P?
Allotropic changes in P affect PO?
Polymerization changes in P saffect PO?
Surface structure changes in P affect PO?

Temperature of P affect PO?
Heat genersation in P affect PO?
Heat conversieon in P sffect PO?
Heat transfer by P affect PO?
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APPENDIX 2

REQUIREMENTS FOR DATA ANALYSIS

SYNERGISTICS STUDY OF ENVIRONMENTAL INTERACTIONS

The numerical entries of Catalog A amd Catalog B are to be stored
in the computer iemory as tables, subject to withdrawsl and readout when
requested inm accordance with certainm conditioms. The Catalog A entries
conslst of a variable number of digits, up to & maximum of 16, which refer
to simple envirommental factor (SEF), amd the real environments in which
they are found, The real environment code is on the first page of Catalog 4,
and the SEF code on the first page of Catalog B, (See Appendices 3 and 4).

A typical Catalog A entry might be as follows:

12 22 11 ol 02 11 12

Macro Micro Status SEF1 SEFy SEF11 SEFq2
Location Location (Ar) (Cg) (Tg) (Z¢)

The first 3 peirs demote the resl enviromment (Arctic, in a surface vehicle,
under cover) and the last four pairs denote the simple environment factors
that are operatimg (acceleration, mon-standard chemical surroundings, low
temperature, a&nd aging).

Catalog B entries comsist of four two-digit pairs., The first two of
these indicate the two SEF that are comsidered. The third pair denotes the
state (SUP) of the test unit upon which the SEF acts, and the fourth pair
indicates the type of effect. As an example, such an entry might be:

02 09 07 02
SEF; SEF SUP Effect
(Cq) (Tc) (STR) 1?

The first 2 pairs indicmtém the two SEF (chemical surroundings and changing
tempersture), The third pair indicetes the strein state of the test unit, and
the fourth pair indicates en I% (or least probable) effect,

Simplest Operatiom (1)

The simplest operation will be the readout of entries in the above
catalogs, For example, the operstor may wish to know the SEF corresponding
to & given resl emvironment, He therefore asks for & resdout of the entry
corresponding to 2 real emviromment, He thus puts im an instructiom to
readout the Catalog A entry begimmimg with the six digits tbat correspond to
the real environment, Similarly with Cetalog B, in which case his imstructions
might be to print out sn 8 digit entry, of which 6 digits are known, In some-
cases only four or perbaps two of the digits will be known, snd the resulting
readout must include &ll the entries that contain these digits in the
specified positions.
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Instruction: Resdout the Instruction: Readout the

entry beginning entry(s) that have
XXYYZZ277?===~ .XX17221?
CATALOG A GAIATOG B
Readout Readout

2nd Operation (Problem)

This operition is one in which a real environment (RE) is given,
and the important state of a test unit (SUP) is glven, and.it is desired
to find how the RE affects the SUP, The following steps are indicated:

(1) Find the SEF that describes the real environment by
. supplying the real envi onment code number (6 digits) and
instructing the machine to find the SEF code numbers.
from Catalog A,

(2) Form all possible pairs of these code numbers (4 digit groups).
. It is hoped that this operation cen be done in the machime, .
but it can be done by the operator after a readout if there is
no better way,

(3) Take each 2 SEF pair, search Catalog B, find the pair or the
first four digits of an entry, apply the condition that the
given SUP code number be the 3rd pair of the entry. When
this condition is satisfied, print out the complete Catalog A
and Catalog B entries,

Instructions: Find the Cat. A entry corresponding to the given R, E,
code XXYYZZ—e--,

CAT, A
Transfer to Register
Form all péssible pair combipations of codes
(7,8), (9,10), (1i1,12), (13,14), (15 16)

CAT,.. B. (Given SUP. Code No,) . . . 1
With each combination (4 digits) search Cat, B 1f no pairs,

for coincidence of 1st four digits of Catalog end of problem,

entries, When coincidence is found, if digits

5 and 6 are the same as the given SUP code
digits, print out the Cat, A entry amnd the Cat. B
entry., If no coincidences, go on to next pair. .
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In the step that leads to the above readout, it would be desirable to
include still another conditiom - the coincidence of the last two columns
of the Catalog B entry with a given wvalue, This would emable operator to
get only a print out of the environmental effects of a prescribed kind
(o1, 02, 03, or 04).

3rd Operation
Given a TU and the SUP important to it, What reel environments
will affect it?
Instructions:
CAT. B.

With the given SUP code search ind-print out all Cat, B, entries that
have this code number in columns (5,6) and 02, 03, or 04 in columms (7,8),
CAT, A,

Using the resulting SEF peair columme (1,2), (3,4), search Cat, A

columms (7,8), (9,10), (11,12), (13,14), (15,16). .When coincidences are
found, print out the entire Cat, A entry,

23




APPENDIX 3

Catalog A

Real Environment Classification

Macro-location Micro«location Status
10 Arxctic CODE Statiomary CODE Zof 1
11 Xce Cap 11 In Open 11 storage~Boxed
12 Inlend 12 Overhead Shelter 12 Storage-Exposed
13 Maritime 13  Enclosed Space 13  Standby
14 Temp. Controlled Space 14 Operation
20 Temperate Surface Vehicle TofO
21 Continental 21 In Open 21 Storage - Boxed .
22 Desert 22 Overhead Shelter 22  Storage - Exposed
23 Highland ] 23 Enclosed Spacs 23  Stamndby
24 Maritime 24 Temp, Controlled Space 24  Operation
30 Tropical Sea Vehicle
31 Desert 31 In Open
32 Highland 32 Overheasd Shelter
33 Jungle 33 Eanclosed Space
34 Maritime 34 Temp, Controlled:Space

Flight VYehicle
41 No Press. or Temp. Control

42  Pressuriged, Unheated
43 Unpressurized, Heated
44  Pressurized, Heated

Using sbove classification, with following order.

Macre=location Micro=location Status
lst 2 digits 2nd 2 digits 3rd 2 digits

get a digit groupﬁ representing real climetic and geographical environment,

Example: Enviromment of & #pare tire on & jesp in Vietnam would.prolisbly be
codedussy ' .
' 33 21 23

33 - Tropical Jungle

21 - In Open on Land Surface Vehicle
23 "'g. of O. Stlndby
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Next step - Assign SEF to environment descriptions, These will be
assigned on basis of most obvious ones first, keeping the number of SEF
assigned to a minimum for this go-round. SEF will ba assigned to
represent deviations from the stzndard temperate (Ac) enviromment of
‘construction of most devices. In the context of the report, they are to
represent the differences between the sambient environmente Ac and Ad or Ax.

of 0 -~ Table not prepared.
of I - Will illustrateﬁin following tables.

] e
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LANGUAGE CODE
Real Environment SEF Real Environment SEY
Zof I Ice Cap, In Open, Boxed T1,Zt 11 11 11 11 12 '
wooon oo Exposed Tl,Im,Zt,Pn| " " 12 04 06 11 12
oW w o n grandby T1,Im bt 13 04 1L
" " "nou Operation T1,Im " " 14 04 11
" M Boof, Boxed T1,Zt 11 12 11 11 12
" " n Exposed T1,Im,2¢t " " 12 04 11 12
neoomwooom Standby T1,Im " 13 04 11
"o " Operation T1,Im N4 o041l
" U  Encl. Space, Boxed T1,Zt 11 13 11 11 12
" " " " Exposed T1,2t " " 12 11 12
T " " Standby Tl “or 13 11
woon " " Operation Tl "o 14 11
" %  Temp, Cont, Boxed 2t 1 14 11 11
" " " " Exposed Zt " " 12 11
" " " 1" Standby - " " 13 -
" " " " Operation - " " 14 -
" " Surf, Veh, Open Boxed T1,Ar,2t 11 21 11 o1 11 12
"noow " "o" Exp, T1l,Ar,Im,2tf " " 12 01 04 11 12
noon " " " Stdby Tl,Ar,Im "M 13 01 04 11
"oon " " " Oper. Ti,Ar,Im " " 14 01 04 11
"o " " 0.H. Shelt T1l,Ar,Zt 11 22 11 01 11 12
. B
oo " " 0.H., Shelt Ti,Ar,Im,2t] " " 12 01 o4 11 12
Exp.
nowon " 0.H. Shelt  Tl,Ar,Im """ 13 01 04 11
: Standby
" " " " O.Hc Shelt Tl,Ar,Im " " 14 01 04 11
Operation
wooon " " Encl Bx Tl,Ar,Zt 11 23 11 o1 11 12
"o " "o " Exp. Tl,Ar,Zt %, e 12 01 11 12
nowo " o w Sedby  T1.Ar woow 13 01 11
wom " " " oper. T1,Ax non 14 o1 11
" s " " H’fD Bx Ar,2t,Tc 11 24 11 pl 09 12
" " L] " " EXP. AI,ZC,TC 1" 1" 12 01 09 12
" " " " ] Stdby Ar,Tc - . " " 13 01 09
" " l’l [1] n oper AE " " 14 01 09
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CODE CODE

REAL ENVIRONMENT SEF
Macro Micro Status
11 31 - Not Applicable
1o 41 11 0ol 05 11 12 T1,Ar ,Pc,2t
" " 12 oL o5 11 12 T1,Ar,P¢, 2t
" " 13 oL o5 11 T1,Ar,Pc
" " 14 ol 05 11 T1,Ar ,Pe
10 42 11 0L 11 12 T1,Ar 2t
" " 12 o1 12 12 T1,Ar,2t
" " 13 o1 11 T1,Z¢
" " 14 01 11 T1l,Ar
10 43 11 | o1 o5 09 12 Te,Ar,Pe,2t
" " 12 01 05 09 12 -T&,Ar ,Pe,Zt
" " 13 oL 05 09 Tc,Ar,Pc
" " 14 01 05 09 Tc,Ar,Pc
10 44 11 ol 09 12 Tec,Ar
" " 12 ‘ oL 09 12 Te,Ar
" u 13 0l 09 Te,Ar
" " 14 ol 09 Tc,Ar
12 11 11 02 11 12 T1,Cs,2¢t
" " 12 02 04 06 11 12 T1,Cs,Ph, 2t ,Im
" " 14 02 04 11 T1,C3,Im
12 12 11 02 11 12 T1,C8,2t
" " 12 02 04 11 12 Ti,08,2¢t,Im
" " 13 02 04 11 Cs,Im,Ti
" " 14 02 04 11 Cs,Im,T]
12 13 11 11 12 Tl.Zt
" " 12 11 12 T1l,z2¢t
" " 13 11 T1
" " 14 11 Tl
12 14 11 12 it
" " 12 12 2t
1" 1" 13 -
1" " 14 -
12 21 11 01 02 11 12 T1,A¢ ,2t,C8
" " 12 01 02 04 11 12 Ti,Ar,2t,Cs,Im
" " 13 01 02 04 11 T1,Ar,Im,Cs
" " 14 0L 02 04 10 T1,Ar,Im,Cs
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R. E. SEF

Macro Micro Status _CODE
12 22 11 ol 02 11 12 T1,Ar,Zt,Cs
" " 12 ol 02 04 11 12 T1,Ar,2t,Cs,In
" " 13 ol 02 04 11 T1,Ar,Cs,Im
" " 14 ol 02 04 11 Tl,Ar,Cs,Im
12 23 11 ol 02 1k 12 T1,Ar,2t,Cs
Y " 12 ol 02 11 12 T1,Ar,2t,Cs
" " 13 ol 02 11 T1,Ar,Cs
" " 14 o1 02 11 T1,Ar,Cs
12 24 1 ol 02 09 12 Ar,Zt,Cs,Tc
B " 12 o1 02 09 12 Ar,Zt,Cs,Tc
" " 13 o1 02 09 Ar,Cs,Tc
" " i4 (0} 1 02 09 Ar ,Cs,Tc
12 31 11 Not Applicable
13 11 11 02 11 12 : T1,2t,Cs
" " 12 02 04 06 11 12 T1,2t,Cs,Im,Ph
" " 13 02 04 11 T1,Cs,Im
" " 14 1,02 04 11 T1,Cs,Im
13 12 11 02 11 12 T1,Zt,Cs
" " 12 02 04 11 12 T1,2t,Cs,Im
" " 13 02 04 11 T1,Cs,Im
" " 14 02 04 11 T1,Cs,Im
13 13 11 02 11 bl T1,%t,Cs
" " 12 02 11 12 T1,Zt,Cs
" " 13 02 11 T1,Cs
" " 14 02 11 T1,Cs
13 14 11 02 12 Cs,Zt
" " 12 02 12 Cs,Zt
" " 13 02 Cs
" " 14 02 Cs
13 21 11 ol 02 11 12 T1,2t,Ar,Cs
n " 12 ol 02 04 11 12 T1,2t,Ar,Cs,In
" " 13 ol 02 04 11 T1,Ar,Cs,In
" " 14 ol 02 04 1 T1,Ar,Cs,Im
13 22 11 ol 02 11 12 T1,Zt,Ar,Cs
" " 12 0l 02 04 11 12 Tl,2t,Ar,Cs,Im
" " 13 o1 02 04 11 Tl,Ar,Cs,Inm
" " 14 ol 02 04 11 T1l,Ar,Cs,Im

28




R. E, SEF
Macro Micro Status CODE
12 22 1 ol 02 11 12 T1,Ar,Zt,Cs
" " 12 0l 02 04 11 12 T1,Ar,2t,Cs,Im
" " 13 ol 02 04 11 T1,Ar,Cs,Inm
" " 14 ol 02 04 11 T1,Ar,Cs,Im
12 23 11 ol 02 1 12 T1,Ar,Zt,Cs
" " 12 o1 02 11 12 T1,Ar,2t,Cs
" " 13 0l 02 11 T1,Ar,Cs
" " 14 01 02 11 T1,Ar,Cs
12 24 11 o1 02 09 12 Ar,Zt ,Cs,Tc
" " 12 (0] 02 09 12 Ar,Zt ,Cs,Tc
" " 13 o1 02 09 Ar,Cs,Tc
" " 14 01 02 09 Ar,Cs,Tc
12 31 11 Not Applicable
13 11 11 02 11 12 : T1,2t,Cs
" " 12 02 04 06 11 12 T1,Zt,Cs,Im,Ph
" " 13 02 04 11 T1,Cs,Im
" " 14 02 04 1 T1,Cs,Im
13 12 11 02 11 12 T1,2¢t,Cs
" " 12 02 04 11 12 T1,Zt,Cs,Im
" " 13 02 04 11 T1,Cs,Im
" " 14 02 04 11 T1,Cs,Im
13 13 11 02 11 sl T1,2t,Cs
" " 12 02 11 12 T1,Zt,Cs
" " 13 02 11 T1,Cs
" " 14 02 11 T1,Cs
13 14 11 02 12 Cs,Zt
" " 12 02 12 Cs,Zt
" " 13 02 Cs
" " 14 02 Cs
13 21 11 o1 02 11 12 T1,2¢,Ar,Cs
" " 12 o1 02 04 11 12 Tl,2t,Ar,Cs,In
" " 13 o1 02 04 1l T1l,Ax,Cs,Im
" " 14 o1 02 04 11 T1,Ar,Cs,In
13 22 11 o1 02 11 12 T1,Zt,Ar,Cs
" " 12 01 02 04 11 12 T1,2t,Ar,Cs,Im
" " 13 o1 02 04 11 Tl,Ar,Cs,Im
n " 14 01 02 04 11 T1,Ar,Cs,Im
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R. E, SEF
Macro Micro Status CODE
13 23 11 ol 02 11 12 Tl,Cs,Zt,Ar
" " 12 ol 02 11 12 T1,Cs,Zt Ax
" " 13 0l 02 11 T1,Cs Ax
" " 14 01 02 11 T1,C3,Ax
13 24 11 o1 02 09 12 Cs,Ax, %t ,Tc
" " 12 01 02 09 12 Cs ,Ax 2t Te
" " 13 ol 0z 09 Ar,Cs,Tc
" " 14 ol 02 o9 Ar ,Cs,Tc
13 31 11 01 02 11 12 Same ag
" " 12 01 02 04 11 12 13211%
" " 13 01 02 04 11
" " 14 01 02 04 11
13 32 11 0ol 02 11 12 Same as
" " 12 01 02 04 11 12 13221X
" " 13 01 02 04 11
" " 14 ol 02 04 11
13 33 11 01 02 11 12 Sawe as
" " 12 ol 02 11 12 13231X
" " 13 01 02 11
" " 14 0l 02 1l
13 34 11 01 02 09 12 Same as
" n 12 0l 02 09 12 13241%
" " 13 01 02 09
" " 14 0l 02 09
13 4X X Not Applicable
20 41 1y ol 05 o7 09 11 T1,Tc,Ar,Pc,Pl
W " 12 o1 03 07 09 11 T1,Tc,Ax ,Fc,PL
4 " 13 oL 05 07 09 11 T1,Tc,Ar Pc,?l
i " 14 01 05 07 09 11 T1,Tc,Ar ,Pc,?l
20 42 11 01 09 11 Ar,T1,Tc
" " 12 01 09 11 Ar T ,Tc
" . 13 0l 09 11 Ar,T1,Te
" " 14 0l 0% 11 Ar,T1,Tc¢
20 43 11 o1 05 07 Ar, Pl Pc
" " 12 ol 05 07 Ar,Pl Pe
" " 13 01 05 07 Ax ,Pl,Pc
W " 14 0l 05 07 Ar ¥1,Pc
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R. E, - SEF

Macro _Micro Status CoDE

20 44 11 ol ke 4 Axr

" " 12 01 Ar

" " 13 01 Ar

" " 14 01 Ar

21 1X 1X - None (Def)
21 21 11 (o} | 03 Ar,Fd

" " 12 (1) 03 Ar ,Fd

" " 13 ol Ar

" " 14 01 Ar

21 22 11 ol 03 12 Ar,FMd,Zt
" " 12 01 04 12 Ar,Im,Zt
" " 13 0l 04 Ar,Im

" " 14 ol 04 Ar,Im
21 23 11 01 12 Axr ,Zt
"o " 12 ol 12 Ar,2t
woE L 13 o1 Ar

" " 14 ol Ar

21 24 11 o1 Ar

" " 12 ol Ar

" " 13 ol Ar

" " 14 101 Ar

21 3x ix Not Applicable

21 4X 1x Not Applicable

22 11 11 :03- 09 10 Th,Tc,Fd
" " 12 03 04 08 10 Th,Ri,Im,Fd
" " 13 03 04 08 10 Th,Ri,Im,Fd
" " 14 03 04 08 10 Th,Ri,Im,Fd
22 12 11 10 . Th

" " 12 04 10 ' Th,Im

" " 13 04 10 Th,Im

" " 14 04 10 Th,Im
22 13 11 10 Th

" " 12 10 Th

" " 13 10 Th

" " 14 10 Th

22 14 11 - -

" " 12 - -

" " 13 - -

" n 14 - w
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"R, E, SEF
Macro Micro Status CODE
22 21 11 ol 09 10 Th,Tc Ar
" " 12 oL 04 08 10 Ar,In,Ri,Th
" " 13 (031 04 08 10 Ar,;Im,Ri,Th
" " 14 0l 04 08 10 Ar,Im,Ri,Th
22 22 11 o1 09 10 Th,Tc,Ar
" " 12 ol 04 10 Th,Im,Ax
" " 13 ol 04 10 Th,Im,Ax
" " 14 ol 04 10 Th,imAx
22 23 11 oL 10 Th,Ar
" " 12 0l 10 Th,Ar
" " 13 ol 10 Th,Axr.
" " 14 ol 10 Th,Ar
22 24 11 ol Ax
[1] " 12 01 ”
" " 13 01 ”"
”" " lk 01 "
22 ax X Not Applicable
22 4X 1x Not Applicable
23 11 11 03 10 11 Th,T1,Fd
" " 12 03 04 08 10 11 Th,Ti,Im,Ri,Fd
" " 13 03 04 08 10 11 Th,T1,I=,Ri,Pd
" " 14 03 0é 08 10 11 Th,T1,Iz,Ri Fd
23 12 11 10 1L Th,T1
" " 12 06 11 T1,In
" " 13 04 11 Tl,Im
" " 14 04 11 Tl,Im
23 13 11 11 Tl
" " 12 11 Tl
o " 13 il T1
" " 14 11 T].
23 14 11 - -
" " 12 - -
" " 13 - -
" " 14 - -
23 21 11 0l 10 11 Th,T1,Ax
" " 12 ol 04 08 11 Tl,Ax B4, Im
" " 13 01 04 08 11 T1l,Ar ,Ri,;I=
" " 14 01 04 08 11 T1,Ar,Ri,Im
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R. E. SEF
Macro Micro Status cObg.

23 22 11 o1 i1 Te,Ar
" " 12 o1 o4 11 "I
" n 13 01 o4 11 nn
" " 14 01 o4 11 n o
23 23 il o1 11 Te,Ar
" n 12 o1 11 w
" " 13 o1 11 "
" " 14 01 1 "
23 24 11 o1 Ar
”n ”n 12 01 [1]
" " 13 o1 "
" " 14 o1 "
2 11 11 02 Cs
" " 12 02 o8 Cs ,Ri
" " 13 02 08 Cs .&i
" " 1% 02 08 Cs,RL
24 12 11 02 Cs
" " 12 02 "
" " 13 02 n
" " 14 02 "
24 13 11 02 Cs
[1] " 12 02 1"
" " 13 02 "
" n 1% 02 "
24 14 11 02 Cs
" " 12 02 ”
" " 13 02 "
" " 14 02 n
24 21 11 01 o2 Ar,Cs
" n 12 o0 02 08 nwo gy
n " 13 oL 02 o8 now
n " 14 oL 02 08 " "
24 22 11 o1 02 Ar,Cs
" " 12 o1 02 "
" " 13 oL 02 "
" " 14 01 02 "
2 23 11 o1 02 Ax,Cs
" " 12 01 o2
" " 13 o1 o2
" " 14 01 02
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R. E._ SEF
Macro Micro Status GCODE
24 24 11 o1 02 Cs,Ar
[1] "t 12 01 02 [1]
" " 13 o1 02 "
" " 14 ol 02 "
24 31 11 01 02 Cs ,Ar
n " 12 o1 02 08 " g Ri
" " 13 01 02 08 e w
" " 14 o1 02 08 " "
2 32 11 o1 02 Cs,Ar
1" " 12 Ol 02 ”n
" " 13 ol 02 "
" n 14 o1 02 "
24 33 11 o1 02 Cs,Ar
[¢] 113 12 01 02 "
" " 13 ol 02 Ud
" " 14 01 02 "
24 34 11 o1 02 Cs,Ar
n " 12 01 02 "
" " 13 01 02 "
n " 14 01 02 "
24 4X 1X Not Applicable
30 41 11 o1 05 07 09 11 T1,Ar,Pc,Te,Fl
" " 12 o1 05 07 09 11 e e e e
" n 13 o1 05 07 09 11 nowowow
" " 14 o1 05 07 09 11 mowo o ow
10 42 11 01 09 11 T1,Ar,Te
" " 12 01 09 11 nw e
n " 13 0L . .09. 11 nouow
6 " 14 01 09 11 "o
30 43 11 01 05 07 Ar,Pe,Pl
n " 12 o1 05 07 nnon
" " 13 oL 05 07 now o
" " 14 o1 05 07 nowow
30 44 11 o1 Ar
1] 111 12 01 i1
" " 13 o1 0
" " 14 ol "
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R, E, SEF
Macro Micro Status CODE
31 11 11 03 10 Th, P4
" " 12 03 04 08 10 Th,R1,Im,Pd
" " 13 03 04 08 10 " onow o pd
" " 14 03 04 08 10 R L}
31 12 11 0 - . T™h
" " 12 04 10 Th,tm
" " 13 o4 10 wow
" " 14 04 10 n on
31 13 11 10 Th
" " 12 10 Th
" n 13 10 Th
" " 14 10 “Th
31 14 11 - .
" n 12 - -
" " 13 - -
n " 14 - -
3l 21 11 o1 10 Th,Ar
n " 12 oL 04 08 10 Th,Ar,Ri,Im
" n 13 oL 04 08 10 *owom o
n " 14 01 04 08 10 monm o owon
31 22 1 01 10 Th,Ar
" " 12 0oL 04 10 Th,Ar,Im
" " 13 oL 04 10 "onon
n " 14 o1 04 10 nonon
31 23 1 01 1o Th,Ar
" " 12 o1 1o "
) " 13 o1 10 "
n " 14 o1 1o "
31 24 11 o1 Ar
" " 12 01 1]
" " 13 o1 "
n " 14 ol n
51 éx x Not Applicable
31 4X X Not Apg_licable
32 11 11 03 09 10 Th,Tc,Fd
" " 12 03 04 08 09 10 Ri,Th,Tc,Fd,Im
" " 13 03 04 08 09 10 RL,Th,Tc,Fd,Im
" " 14 03 04 08 09 10 Ri,Th,Tc,Pd,Im
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R, E. SEF
Mncrq Micro Status COﬁE
32 12 11 03 09 10 Th,Tc,Fd
w " 12 03 04 09 10 Th,Te,Fd,Im
" " 13 03 04 09 10 Th,Tc,;Fd,Im
" " 14 03 04 09 10 Th,T¢,Fd, Im
32 13 11 09 10 Th,Tc
" " 12 09 10
" " 13 09 10
" " 14 09 10
32 14 11 - ,
3] " 12 - -
n " 13 - -
" " 14 - -
32 21 11 ol 09 10 Th,Tc,Ar
" " 12 01 04 06 09 10 Th,Tc,Ar ,Ri,Im
" " 13 01 04 08 09 10 nowouow o
" n 14 o1 04 08 09 10 U
32 22 11 o1 10 Th,Ar
" " 12 o1 04 10 Th,Ar,Im
n " 13 01 04 10 n o on
" » 14 oL 04 10 n onon
32 23 11 01 10 Th,Ar
" " 12 o1 10 "
n " 13 o1 10 "
" " 14 oL 10 "
32 2 11 01 Ar
n " 12 01 [}
" n 13 o1 "
" n 14 ol "
52 Sx X Not Applicable
32 4X 1X Not Applicable
33 11 11 02 03 10 Th,Fd,Cs
n " 12 02 03 04 08 10 "o s Im & RE
n " 13 02 03 04 08 10 LU
" " 14 02 03 04 08 10 o woow
33 12 11 02 03 1o Th,Ce,Fd
" " 12 02 03 04 10 " owg Im,Fd
" " 13 02 03 04 10 w .  nm
o n 14 02 03 o 10 " LI
Fi
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R. E. SEF
Macro Micro Status CODE

3 13 11 02 10 Th,Cs

1] " 12 02 10 i} "

n " 13 02 10 non

" " 14 02 10 "o

33 14 11 02 Cs

" [1] 12 02 "

" " 13 02 "

" " 14 02 "

33 21 11 o1 02 10 Th,Cs,Ar, *

u " 12 oL 02 04 08 10 Th,Cs,Ar,Im,Ri
n " 13 ol 02 04 08 10 L
n " 14 01 02 04 08 10 AL LU
33 22 11 01 02 10 Th,Cs,Ar

" " 12 01 02 04 10 LS
" " 13 oL 02 04 10 wonosion

" " 14 o1 02 04 10 now o onon
33 23 11 01 02 1o Th,Cs,Ar

" ”"n 12 01 02 10 ” ” "

" " 13 oL 02 10 wonow

@ " 14 o1 02 10 n oo

33 2 11 01 02 Cs,Ar

" ” 12 01 02 " 11]

" " 13 o1 02 now

" " 14 o1 02 o

33 3x X Not Applicable

33 4x 1X Not Applicable

34 11 11 02 03 10 ‘ti’cs ,Fd,Im

" " 12 02 03 04 08 10 Th,C8,Ri,Im,Fd
n " 13 02 03 04 08 10 VIO Tt
» " 14 02 03 04 08 10 wononono
34 12 11 02 03 10 Th,Cs,¥d

" " 12 02 03 04 10 Th,Cs,Fd,Im
" " 13 02 03 04 10 Th,Cs,Fd, I
# " 14 02 03 04 10 Th,Cs,Fd,Im -
3% 13 11 02 10 Th,Cs

n " 12 02 10 Th,Cs

" " 13 02 10 Th,Cs .

" " 14 02 10

36
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R. E, SEF
Macroe Micro Status CODE

34 14 i1 02 Cs

” 111 12 02 - "

n " 13 02 u

" " 14 02 "

34 21 11 01 02 1o Ar, Th,Cs

" " 12 ol 02 04t 08 10 wON s wd Im
" " 13 00X 0z 04 08 10 wow oW
w " 14 o0l 02 04 08 10 voe owon
34 22 11 o1 02 10 Az,Th,Cs

" " 12 o0l 02 04 10 LTI 2
n " 13 01 02 04 10 U T

» v 14 ol 02 04 10 wowosow
34 23 11 o1 ez 1o Ar,Th,Cs

" w 12 o0t 02 10 "

n " 13 o0F 02 10 "

" 1% 0L 02 10 "

34 24 11 01 02 Ar,Cs

" 0 12 o1 o2

" 13 01 02

) " 15 o1 02

34 31 i1 ol 02 10 Ar,Th ,Cs

" " 12 ol 02 04 08 10 ®ow 8 Ry Tm
" " 13 o0l 02 04 08 10 T
t " 14 0L 02 04 08 10 won owonow
34 32 11 oF 02 1o Ar,Th ,Ce

o " 12 o0l 02 04 10 g & Im
" " 13 o0l 02 04 10 " o
o " 14 0L 02 04 10 " w
34 33 11 oL 02 10 Az,Th,Cs

" " 12 oL 02 10 "

" "," 13 oL 02 10 W

w " % 0L o2 10 u

34 34 11 oi 02 Ar,Cs

w " 12 oL 02

u " ‘13 ol o2

" " 14 oL 02

34 4X X Not Applicable
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APPENDIX 4
Catalég B

Contains entries relating 2-SEF, 1-SUP, and their effects., Each
entry is an 8~digit decimal number, according to the following code:

lst 2 digits = 1lst SEF)
2nd 2 digits = 2nd SEF)
3rd 2 digites =« SUP D]
4th 2 digits <« Effects)

Example:
Th and Im have ID effect on STR state.

Coded = 04 10 07 03

Im Th STR ID

Note: Lowest numbered SEF must be placed first, &z below = not
10040703, which is not included in the table, (Arrangement
of symbols is alphebetic), .

SEF ~  CODE
Ar . 0ol.
Cs 02
Fd 03
Im 04
+=Pe 05
Ph 06
P 07
Ri 08 .
Ic 09 .
“Th- 10
iR 11
Zt 12
SUP CODE
CHEM 0l.
CLN 02
ELAS 03
EM 04
RHEO 05
STN 06
STR 07
THER 08
EFFECT CODE
0 ol.
12 02
I 03
A

38




+3-3:8:3:-3:38 2P -

B

‘23+:3:3:8:3-3 2D -
.8 .
[ ¢]

:3.8-2:2-3:3 3#3
:$:3-2-8:-3:3 3.

SEF~-SUP-EFF TO DIGITAL REPRESENTATION

SUP  EFF DIGITAL REPRESENTATION
CHEM 0 oL 01 o1 o1
CLN 0 oL or 02 ol
ELAS O oL oL 03 o1
M 0 ol 01 04 O
RHEO O 06 01 05 oL
STN 0 06 01 06 Ol
STR 0 oL 01 07 o1
THER © o1 o1 08 o1
CHEM 0 oL 02 o1 o1
CLN 0 o w 02 o1
ELAS O "oon 03 o0l
EM 12 " o 04 02
RHEO O " w05 0l
STN 12 noow 06 02
STR 0 "oom 07 0l
THER 1?2 "oon 08 02
CHEM 0© oL 03 o1 o1
CLN 0 " 111 02 01
ELAS 0 nooom 03 ol
EM 10 v w 04 03
RHEO O. U 05 ol
STN 1D "o 06 03
STR 0. nooon 07 ol
THER 12 woon 08 02
CHEM © oL 04 oL o1
CLN 0 "nooow 02 o1
ELAS O . n o» 03 o1
EM 12 ¢ L 04 02
RHEO O LI 05 ol
STN I ,mu 06 03
STR 1 voow 07 02
THER 12 w o 08 02
CHEM 0 oL 05 o1 o1
CLN 0 "= " 02 ol
ELAS 0 w n 03 o1
EM 12 " " 04 02
RHEO © " n 05 ol
sIN D2 " " 06 04
STR 0 " n 07 o1
THER 12 LI 08 02

39




3]

-3 3:-3:'3-3-3 Sk- -23:2-3-3:2:% 3p

2}

-3-2:3-3-3:2 3>

'3:3-3:2:3:3 3p-

.2.2.23:3:3-8 3:.

SEF, SUP  EFF
Ph CHEM O
" CIN O
" ELAS O
" EM 12
" RHEO ©
" STN D2
" strR 12
" THER 12
Pl CHEM O
" CLN ©
" ELAS O
" ™ 12
[ RHEO O
" STRN D2
" STR T2
n THER 12
Ri CHEM O
" CLN O
n ELAS O
" EM iD
" RHEO O.
" SIN ©
" stR 12
" THER 12
Tc CHEM O
" CLN O
" ELAS O
" EM )
" RHEO O
" SIN D2
" sTR 12
" THER ID
Th CHEM O
" CLKN O
" ELAS O
" EM 12
" RHEO O
" SIN ID
" STR ID
" THER 1ID

DIGITAL REPRESENTATION

0ol 06 01 o1
woow g2 01
"% 03 Q1
n w04 02
moo" 95 ol
"= % 06 04
"o 07 02
®m 08 02

o1 07 o1 ol
"

" 02 01
n n 03 o0l
woo" 04 02
"n ® 05 01
" n 06 O4
n w07 02
m v 08 02

oL 08 o1 ol
” " 02 01
= n 903 01
" " o4 03
m m o5 o1
m o 06 oL
noow 97 02

" " 08 02

0oL 09 ol ol
" " 02 01
w w03 o1
noow o4 ol
w v 05 ol

" " 06 04

" " 07 02
v ™ 08 03

0l lo er 01
n " 02 o1
n % 03 01
" by 04 02
= v 95 01
m w06 03
" l.l 07 93
»w % 08 03




In
"
"
1]

Sup

CHEM
CLN
ELAS

RHEO
SIN

. STR

THER

CHEM
CLN
ELAS

RHEQO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
SIN
STR
THER

CHEM
CLN
ELAS
EM
RHEQ
STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER

=
]
=1

OHHOOCOODO HHM
DT Uuuooooo-

N

OCO0OO0OO0OO0OOHO

=)
o

(e N o]

41

DIGITAL REPRESENTATION

10)§
"

11
"

"
"
"
"

ol

02
03
04
05
06
07
08

o1
02
03
04
05
06
07
08

o1
02
03
04
05
06
07
08

o1
02
03
04
05
06

07

08

ol
02
03
04
05
06
07
08

ol

ol
0l
ol
ol
03
03
03

o1
ol
ol
ol
oL
03
02
ol

o1
02
01
o1
o1
o1
ol
o1

03
o1
ol
03
(0]}
01
01
02’

01
03
o1
02
02
01
02
02




SIN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS
EM
RHEQ
STN
STR
THER
CHEM
CLN
ELAS

RHEO
STN
STR
THER

O 4
<NUOOOO‘O

o) COO0O0OO0OOHO
(-] N

]
Uoo

41

DIGITAL REPRESENTATION

0l
"

11
n

"
"
"
"
"
"
%2
[1]
"
"
w
"
:

02

"
”
"

ol

02
03
04
05
06
07
08

o1
02
03
04
05
06
07
08

oL
02
03
04
05
06
07
08

o1
02
03
04
05
06
07
08

ol
02
03
04
05
06
07
08

ol
o1
ol
o1
03
03
03

oL
ol
o1
ol
oL
03
02
ol

ol
02
ol
o1
o1
o1
o1
01

03
ol
o1
03
ol
o1
oL
02

o1
03
oL
02
02
ol
02
02

o1




SEFy

Cs

SEF2

) T
"

Pc

sUpP

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS
El{
RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
SIN
STR
THER

42

DIGITAL REPRESENTATION

02
1]

113
"
"
"
"
;
02
"
"
;
"
O.I
”
;
02

05

"

ol
02
03
04
05
06
07
08

o1
02
03
04
05
06
07
08

ol
02
03
04
05
06
07
o8

o1
02
03
04
05
06
07
08

ol
02
03
0%
05
06
07
08

01
o1
o1
02
o1
o1
o1
02

03
02
01
02
02
01

s
,

02
03
02
o1
02
ol
ol

02
02

03
o1
ol
03
02
ol
02
02

03
01
o1
o1
o1
(1)}
02
03




STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER
CHEM
CLN
ELAS

RHEO
SIN
STR
THER

CHEM
CLN
ELAS

- RHEQ

STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR

43

DIGITAL REPRESENTATION

02 10 0l 03
" " 02 02
" " 03 ol
" " 04 02
" " 05 03
" " 06 ol
" " 07 03
" o 08 03

02 11 o1 03
" n 02 02

" " 03 o1
" " 04 ol
wooon 05 03

"o 06 ol
Y 07 03
noow 08 03

02 12 ol 03
" 11] 02 01
" " 03 ol
" n 04 ol
" " 05 02
" " 06 ol
" n 07 02
" " 08 ol

03 03 0l 02
" n o 2 0 1
" " 03 01
" " 04 04
n " 05 0l
» " 06 02
" " 07 0l
" " 08 02
03 04 01 o1

" 02 01

t 03 01
n " 04 03

M " 05 ol

by " 06 02
" " 07 0l
" " 08 02




-

(-9

+3:'2:3.2°3-3.%5'

a

-3:3:3:3:-3°%3.30m¢ -

(-9

+2-3-3-3:3:3 3 -

' 333833 I
a.

a

:3-3-3°3-8:3, 3

2]

-32:38-2:83-3:3 303

STR

CHEM
CLN
ELAS

SIN
STR

CHEM
CLN
ELAS

RHEO
-STN

STR

THER

CHEM
CLN
ELAS

RHEO
STN
STR

CHEM
CLN
ELAS

RHEO
STN
STR
THER

ID
0.
1D

DIGITAL REPRESENTATION

03
"
"
"
"
"
"
!
03
"
IP
"
I‘I
l"
”

03
w
e

"
03
"

"

05
"
o
n

ol

02
03
04
05
06
07
08

o1

02

103
04

05
0é
07
08

ol
02
03
04
05
06
07
08

ol
02
03
04
05
06
07
08

o1
02
03
04
05
06
07
08

o1
o1
01
03
01
03
ol
0z

02
o1
o1
03
o1
03
01
02

02
ol
ol
03
01
03
o1
02

02
o1
ol
04
ol
01
ol
02

02
ol
o1
o1
ol
03
ol
03




SEF, SEPz SUP EFF DIGITAL REPRESENTATION

Fd Th CHEM 12 03 10 oL Q2
L " CLN 0 'F " 02 01
" " ELAS © "o 03 ol
" " EM 1D " " 04 03
" n RHEO O " " 05 o1
" " STN 12 " " 06 02
" " STR 0 " " 07 ol
n " THER  ID o " 08 03
d T CREM 12 03 11 o1 02
" " CLN 0 " " 02 ol
" " ELAS 0 " " 03 ol
" " EM o " " 04 o1
" " RHEO 0, " n .05 01
" " STN 1 u " 06 02
" " STR 0 " " 07 o1
" " THER  ID n " 08 03
rd ze  cEEM 12 03 12 o1 02
" " CLN 0 " w 02 o1
" w ELAS 0 " " 03 ol
" " EM 0 " " 04 o1
" " RHEO O " " 05 o1
n " STN 12 " " 06 02
" " STR 0 " " 07 o1
" " THER O " " 08 o1
Im Im CHEM © 04 04 oL ol
" " CLN p2 " " 02 04
" " ELAS 12 " " 03 02
) " EM 12 " " 04 02
" " RHEO 12 " " 05 02
" " STN 12 "non 06 02
" " STR 12 wooow 07 02
" " THER 12 " " 08 02
. . R - .

Inm Pc CHEM 0 04 05 o1 o1
" u CLN o0 N
n » ELAS © " " 03 ol
" " EM 12 " N 04 02
" " RHEO O " " 05 o1
" " STN 1D " " 06 03
" " STR 0, " " 07 o1
" " THER I " n 08 02

45




SEF;

-3:3-83.3-38

SEPZ

STN

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER
CHEM
CLN
ELAS

RHEO
STN
STR

THER

CHEM
CLN
ELAS

STN
STR
THER

46

DIGITAL REPRESENTATION

046 06 Ol o1
"o 02 03
"o 03 o1
"noom 04 02
noow 05 02
nwooow 06 03
"o 07 02
noow 08 02

04 07 ol 01
" . 02 03
" " 03 ol
" " 04 02
rooow 05 o1
U 06 03
" " 07 02
" u 08 02

04 08 ol o1
n oo 02 o1
noow 03 02
”n
”
”n
”n

n 04 03
" 05 02
" 06 01
roon 07 02
w oo 08 02

06 09 oL o1
. 02 o1
"o 03 o1
.oow 04 o1
v 05 o1
"o 06 03
" on o7 02
2 08 03

0l 0l
” 11] 0 2 03
" " 03 03
v ooow 04 02
" o ow 05 03
nooon 06 02
" oow 07 03
"o 08 03




SEF, Sl!l'2 Sup EFF PIGLTAL REPRESENTATION

Im "®l~ CHEM 0 04 11 o1 o1
" ” CLN ID " " 02 03
" " ELAS ID " " 03 03
I'C 0‘l m O i I.C l" 04 0 l
" " RHEO I u " 05 03
" " STN 14 " " 06 02
" " STR  ID " ) 07 03
" " THER 1D " " 08 03
Im zZt CHEM 0 0% 12 o1 o1
" " CLN 0 " w 02 01
) " ELas 12 " " 03 oz
" " EM 0 " " 04 01
n " RHEQ 12 u " 05 02
" " sTN 12 " " 06 02
" " STR 12 " " 07 02
" " THER 0 " " 08 o1
Pc Pc CHEM o0 05 05 o1 o1
" " CLN 0 " " 02 o1
" " ELAS 0 " " 03 o1
" " EM 0 " n 04 o1
" n RHEO 0 " " 05 01
" " SIN 0 " " 06 01
" " STR 0 '.' " 07 o1
" " THER 0 " " 08 01
Pc Ph CHEM o 05 06 o0l o1
" " CLN o " " 02 o1
" " ELAS 0 " " 03 o1
" u EM 12 " " 04 02
" " RHEO 0 o u 05 o1
" n SIN p2 " " 06 04
" " STR 0 " ” 07 ol
n " THER 12 " n 08 02
Pc PL  CHEM 0O 05 07 01 o1
" " CLN o " " 02 o1
" " ELAS © " " 03 o1
" " EM 12 " " 06 02
" " RHEO © " " 05 o1
" " STN D2 " " 06 04
" n STR 0 " " 07 o1
" " THER 12 " " 08 02

47




SEF}

SEF,

Zt
"

CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEQ
STN.
STR
THER

CHEM
CLN
ELAS

RHEO
STIN
STR
THER
CHEM

CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEQ
STN
STR

THER .

EFF

CQCOOHOOOC
°B5 |

N

OCYOOO0OO- M
N

o

X} .

- O
Q. O

S‘C)QOOOOO

OOSCOOOO'

48

DIGITAL REPRESENTATION

05 08 ()] ol
" "

02 o1
" " 03 o1
" " o4 03
" " 05 ol
" " 06 01
" " 07 ol
" " 08 02
05 09 oL o1
" 114 OZ o 1
" " 03 ol
" " 04 ol
" " 05 o1
" " 06 04
" " 07 01
" " 08 03
05 10 ol 0l
11] " 02 01
" " 03 o1
" " 04 02
" " 05 o1
" " 06 03
" " 07 o1
n " 08 03
05 11 o1 o1
" 1 02 01
u " 03 ol
" n 04 01
" n 05 o1
" " 06 03
" " 07 ol
n " 08 03
05 12 oL ol
" " 02 o1
" " 03 o1
" " 04 ol
" " 05 01
" " 06 03
n " 07 ol
" " 08 01




SEF,

Ph-
"

-2

*3:-3:3.3.3.3 3w

T
-2

'3-3-3.2.3.3

SEF;

“Ph.
n

3332 3 -

ELAS

RHEO
STN
STR
THER
CHEM
CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEQ
STN
STR
THER
CHEM

CLN
ELAS

RHEO
STN
STR
THER

CHEM
CLN
ELAS

RHEO
STN
STR
THER

49

DIGITAL REPRESENTATION

06 06 o1 02

" 02. 02
" " 03 01
" " 04 02
" " 05 02
" " 06 04
" " 07 02
" " 08 02

06 07 o1 01
n " 02 o1
" " 03 o1
" " 04 o1

" " 05 o1
" " 96 ol
"r 97 ol
"t 08

06 08 ol 02
” " 02 01

" " 03 ol
" " 04 03
" " 05 02

" " 06 o1
" " 07 02
" n 08 02

06 09 o1 02
" " 02 ol
" n 03 ol
" " 04 ol
" " ‘05 o1
n " 06 04
" n 07 02
" n 08 03
06 10 o1 02
"o 02 02
" " 03 o1
" " 04 02
" " 05 03
v " 06 03
" " o7 03
" " o8 03




~am. . L
il

:2:'8-3'3-3-3 30y

c

-
-

-3.3.3.3.3.

ko

*3-%8.3-3:2.3 3.

{2

‘3 -3-8.3.83.3 30

3.3.3.3.3.3 2ef

T

:3-3:3:8:3.3 39

Es

2 3.
2

.3.%.8.3.
[

'3:-%3:.8.2.3.3 3.

[¢]

‘3 -3.35.3.3.3-3019 -

sup

CHEM
CLN
ELAS
EM
RHEQ
STN
STR
THER

CHEM
CLN
ELAS
EM
RHEO
STN.
STR
THER

CHEM
CLN
ELAS
EM
RHEO
STN
STR
THER

CHEM
CLN
ELAS
IM
RHEO
STN
STR
THER

CHEM
CLN
ELAS
EM
RHEO
STN.
STR
THER

b

EFF

12

12

0

0

D

ID

ID
ID

30

DICITAL REPRESENTATION

06 11 . ol 02
” [1] 02 02
" 03 ol
" " 04 ol
" " 05 03
" " 06 03
" " 07 03
" " 08 03

06 12 ol 02
l? " 92 9 1
" " 03 ol
" " e 0l
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APPENDIXE

VIBRATION AND LQ!;TEHPERATURE TEST #2

Double Amplitude
Variable Frequency
Scanning Time
Direction of Vibration
Time Duration
Temperature (Air)

Current Drawn

i Synchre Synchro‘relperatureor

Time #2 #4 #2 #4

*1000 «23 Amps’ «26 Amps 90°y 91°F
1010 .23 026 90°F 919
1015 022 +255 76° 71°
1020 22 25. 46° 34°
1025 022 «25 25° 18°
1030 022 026 11° 4®
1035 022 «26 59 -39
1040 022 026 0° =19
1045 22 «26 «3° -39
1055 022+,29 .26 «2° -39
1105 «23 «26 «3° -39
1200 23 «265 -99 - -8°
1300 «23 a26 ~10° «9®
1400 #23 «26 -10° <99
1500 23 26 -7° -6°
1610 023 «26 -13° -13°

24 Oct 1962
*%0915 «23 +26 84°7 86°F

* Before Test
** After Test

Synchro Type 23TX6
23 Oct 1962

0,141 Inches
5<60=5 cps

1 Minute
Verticsl

6 Hours
«400P

Air Temp Op
- OF

69°F
60°F
20°F%
=25°P




APPENDIX 6
TR,
ALTITUDE AND LOW TEMPERATURE TEST

Synchro Type 23TX6

17 Aug 1962
Altitude 10,000 Ft,
Temperature =65°F
Time Duration 8 Hours
Time Current Drawn =« MA Synchro Temperature Oy
#1 #2 #3 #1 #2 ., #3
815 60 ma 76 ma 75 ma 54 54 54
820 . 61 ma 79 ma 76,5 ma 44 44 44
830 64 ma 82 ma 79 ma 24 15 15
840 68 ma 85 ma 83 ma 5 - -
845 70 ma 87 ma 85 ma -l -5 -5
900 75 ma 93 ma 89 ma =19 «24 =23
. 915 78 ma 96 ma 93 ma - =35 «38 =37
930 80 ma 99 ma 95 ma 44 =47 -47
945 82 ma 101 ma 98 ma «51 «54 =53
1000 84 ma 103 ma 99 ma | «54-- =58 =58
1015 85 ma 104 ma 100 ma =58 -60 =60
1030 85 ma 106 ma 100 ma -59 -63 -63
1045 86 ma 106 ma 100 ma -59 «63 =63
*1100 86 ma “ 100 ma - - -
21115 : 86 ma 106.,5 ma 101 ma - - -
1130 86 ma 106 ma 101 me - - -
1145 87 ma 106 ma 102 ma - - -
1200 87 ma 106 ma 102 ma - - -
© 1300 87 ma 106 ma 102 ma =59 -63 ~63
R ”n (1] " " (] "
' " " " ” [ ] - "
1630 l:l l:l l:' l:l ':' . ’ l:!
* Changed Temperature Recorder
Before Test Current Drawn MA
° #1 #2 #3
Room Temp 74 .48 ma .65 ma .63 ma
After Test
#1 $2 #3
Room Temp 72° .50 ma .65 ma .63 ma
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APPENDIX 7 “
e e o

Synchro Typs 23TX6 |

Temperature +125°F
Humidity 95% RH
Time Duration 12 Days

Date Current Drawn - MA Synchro Temperature
Synchro No. Synchro No,
#1 #2 #3 #1 #2
Before Test 50 ma 65 ma 63 me 73°F 73°F
8/20/62 PM 58=59,5 59 ma 57 ma 124° 1250
8/21/62 AM 58 ma 66 ma 63 ma 1259 124°
8/21/62 PH 59 ma 67 ma 65 ma 125° 126°
8/22/62 AM 60 ma 68.8 ma 67 ma 125° 1260
8/22/62 ™ 61 ma 68 ma 66 ma 1259 1260
8/23/62 AM 61 wma 68.8 ma 67 m& 1259 125°
8/23/62 PM  61.5 ma 68.8 ma 67 ma 125° 125©
8/24/62 AM 61,5 ma 69 ma 68,2 ma 125° 125°
8/24/62 ™ 61,5 ma 69 ma 68.2 ma 125° 1259
8/27/62 AM 61,5 ma 68.8 ma 68,2 ma 1269 126°
8/27/62 MM 61.5 ma 68.8 ma 68,2 ma 126° 126°
8/28/62 AM 61,5 ma 68,8 ma 67 ma 126° 126°
8/28/62 M 61le5 ma 68,8 ma 67 ma 125° 125°
8/29/62 AM 62 ma 69 ma 68,2 ma 125° 126°
8/29/62 PM 62 ma 69 ma 68 ma 125° 126°
8/30/62 AM ' 62 ma 69 ma 68 ma 126° 126°
8/30/62 PM 62 ma 69 ma 68 ma 126° - 126°
8/31/62 AM 62 ma 69 ma 68 ma 126° 125°
8/31/62 MM 62 ma 69 ma 68 ma 120° 120°
After Test 58 ma 66 ma 65 ma 75° 75°

57

#3
73°F
124° .
125°
125°
125°
125°

125°
125°




Temperature
Humidity
Time Duration

Date Time

10/29/62 820
"

830
" 840
" 850
" 900
i 910
n 920
n 930
" 940
" 1000
" 1100
" 1200
" 1300
" 1500
" 1600

10/30/62 827
n 930
1" 1030
" 1130
" 1230
" 1330
" 1430
" 1530
n 1625

10/31/62 830
" 930
" 1130
" *1230
" .1345
" %1430
n 1530
n 1630

HIGH TEMPERATURE AND HIGH HUMIDITY TEST

Synchro Type 2316

T +125°F
95% RH
5 Days

APPENDIX 8
———

Current Drawn

Synchros
#2 #4
026 A.Pl 0305 Aﬂpﬂ
«255 »30
e255 «30
25 «30
*25 «30
25 «295
25 295
25 «30
25 «30
25 295
25 «30
«25 «30
.25 .30
»26 «30
«255 «30
26 «30
«26 +30
*26 «30
226 «30
.26 6305
+26 «305
«255 «30
.26 .30
«26 «30
w255 «305
26 ~430
26 30
26 0=.32
.26 .30
-26 0".33
26 «30
«255 «305

58

2

Synchro Temperatures

129°
127°
128°

126°
127°
127°
127°
126°
127°
127°
127°
128°

126°
127°
127°
127°
128°
127°
127°
126°

#4
100°F
120°
132°
134°
136°
138°
139°
139°
140°
141°
142°
144°
144°
140°
141°

135°

138°
137°
136
137°
138°
137°
138°

134°
136°
136°
136°
140°
137°
137°
136°

3




Date Time Current Drawn o

Synchros Synchro Temperatures "
#2 #4 #2 #4

11/1/62 * 830 +25 Amps 0,30 Amps 127°F 136°F
" . 940 +25 30 128° 140°

" * 1030 25 0=430 127° 138°

" 1130 0255 «305 127° 138°
1230 255 »305 127° 138°

" 1330 +255 30 127° 137°

" 1430 025 +30 127° 137°

" 1530 255 «30 129° 138°

_ 1625 .255 .30 129° 138°
11/2/62 845 0255 «30 128° 139°
" 930 o25 »30 128° 139°
" 1130 2255 »305 127° 137°
" 1230 «255 «305 128° 139°
" 1330 e25 «30 127° 137°
" 1430 .25 $30 . 1279 . 137°
" 1530 25, .30 128° 138°
" 1615 o25 +30 128° 1390
11/5/62 830 »26 029 83,5° 98°

Air Temperature 78°F

* Synchro No, 4 appears to be stopping &nd starting.
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